This paper examines the impact of the New Rural Pension Scheme (NRPS) in China. Exploiting the staggered implementation of an NRPS policy expansion that began in 2009, we use a difference-in-difference approach to study the effects of the introduction of pension benefits on the health status, health behaviors, and healthcare utilization of rural Chinese adults age 60 and above. The results point to three main conclusions. First, in addition to improvements in self-reported health, older adults with access to the pension program experienced significant improvements in several important measures of health, including mobility, self-care, usual activities, and vision. Second, regarding the functional domains of mobility and self-care, we found that the females in the study group led in improvements over their male counterparts. Third, in our search for the mechanisms that drive positive retirement program results, we find evidence that changes in individual health behaviors, such as a reduction in drinking and smoking, and improved sleep habits, play an important role. Our findings point to the potential benefits of retirement programs resulting from social spillover effects. In addition, these programs may lessen the morbidity burden among the retired population.
Introduction
Previous empirical research provided estimates regarding the influence of access to pension programs and retirement options on health outcomes; however, this research primarily relied on data from high-income countries. The majority of these studies point to retirement having a positive influence on various health outcomes. 2 Many studies report a significant increase in health after retirement (Charles 2004; Bound and Waidmann 2007; Coe and Lindeboom 2008; Neuman 2008; Coe and Zamarro 2011; Latif 2013; Insler 2014; Blake and Garrouste 2017) . Other studies, though far fewer, detect significant negative effects on subjective health measures (e.g. Lindeboom, Portrait, and van den Berg 2002; Dave, Rashad, and Spasojevic 2008; Behncke 2012; Sahlgren 2012) .
In this study, our primary focus is the impact of the NRPS program on adults age 60 and above because this group is eligible for immediate program benefits. The expansion of the policy affected an easily identifiable group because the policy was introduced in select geographic areas with variations across time and space. We exploit the staggered policy implementation by employing a difference-in-difference-in-differences (DDD) strategy. Using survey data from the Chinese Health and Retirement Study (CHARLS), we estimate intentionto-treat (ITT) effects by comparing the changes in health outcomes among individuals in those adults age 60 and above who were enrolled in the pension program to the changes in health outcomes among individuals in those adults age 60 and above who were not enrolled. We further augment the ITT analysis by instrumenting for the potentially endogenous enrollment decision. We instrument for individual NRPS enrollment status using the community NRPS enrollment status as we exploit identifying variation from the recent NRPS expansions at the community level.
We report three major findings. First, there is striking evidence that the NRPS program impacts direct measures of health. We detect strong positive effects on mobility: individuals living in areas covered by the plan reported a decrease in difficulty jogging 1 km, walking 100 m, and climbing a flight of stairs, reflecting an overall 4-13% decline in difficulty performing these three activities. We also detect a strong positive program impact on two additional proxies for the direct measure of health: vision and self-reported general health (Chatterji et al. 2002) . We find that the program had no impact on affect, including emotional well-being and mental health outcomes.
Second, our empirical results show strong evidence that the NRPS had a positive impact on indirect measures of health. In fact, the program's beneficial impact on the domains of self-care and customary daily activities was even greater than the program's effect on mobility. Individuals living in covered areas exhibited a 27-69% decrease in difficulty regarding self-care (getting dressed, eating, and bathing). They also experience decreased difficulty performing usual activities that are indirect measures of health, such as preparing meals, grocery shopping, and cleaning house.
Third, when we examine for potential mechanisms that could mediate the impact of the NRPS, we find that program access led to improvements related to behavioral inputs and better health care utilization. 3 Program participants reported benefits with respect to whether they drank regularly during the prior year (extensive margin) and their overall drinking frequency during the prior year (intensive margin). A large decrease in alcohol consumption was reported (significant at the 1% level). Program participants, on average, exhibited a 13% decrease in the reported frequency of alcohol consumption. In addition, our results show evidence that program participation reduced the incidence of cigarette smoking. NRPS participation had a positive effect on sleep patterns as well, and we detected a small positive impact on the number of hours slept (for the overall sample), although this finding was estimated imprecisely. This paper makes three important contributions to the literature on pension programs in developing countries. First, this study is among the few studies to rigorously examine the effects of pension participation on individual health outcomes in the context of a developing country. Although recent studies have documented how pension participation and retirement affect health outcomes in the context of high-income countries (Insler 2014; Eibich 2015) , only limited evidence exists regarding the influence of pension programs on health outcomes in developing countries. Our study focuses on China, the largest country in the world, with an overall population of 1.4 billion people. This focus on the most populated country in the world, by itself, showcases the importance of the issues from a public welfare standpoint. The setting of this social policy program is also unique because the NRPS program focuses on China's rural areas, where the economic dynamics resemble the economies of low-income countries. Second, we shed light on how program participation affects numerous health domains, and we examine impacts on health domains that are consistent with the World Health Organization's measurement of various direct and indirect proxies of health status (Chatterji et al. 2002) . The work of Cheng et al. (2018) is most closely related to our study. Their study also explored the NRPS impact on some health measures, but it examined a narrower set of outcomes [self-reported general health and instrumental activities of daily living (IADLs)]. 4 In contrast, we explore the program's impact on additional important and previously unexamined health domains using data from a more recent survey source. Specifically, we provide additional evidence of how NPRS participation influences mobility, affect, self-care, vision, social interaction, and various disease states.
As health is a multi-dimensional concept, our study provides evidence of the benefits of program participation for additional health domains and we indirectly provide additional support for this important policy (Chatterji et al. 2002) . Since the CHARLS survey includes numerous measurements within a specific health domain, we are able combine these specific measures into an aggregate index for each health domain, thereby providing robust evidence of program impacts that is less likely to be generated by multiple hypothesis testing. 5 Furthermore, a novel feature of our study is that the CHARLS survey we use is harmonized and adapted from the US Health and Retirement Study (HRS) survey and other sister health surveys conducted in other high-and middle-income countries. 6 Therefore, harmonization of measures of health domains across surveys can enable future international comparisons of our findings (based on the CHARLS survey) with results from other studies that rely on other HRS sister retirement surveys. 7 Our third contribution is that we provide evidence regarding important new channels that mediate the relationship between pension program access and improvements in health status. Specifically, we examine how program participation influences a wide array of health behaviors and time use. Due to the rich data on various health inputs, health access, and health care utilization, we can examine how program participation influenced health access and ascertain whether program access translated to better health care use. Our findings provide suggestive evidence that reduced drinking, reduced smoking (among females), and improvements in sleep duration likely play a very important role in driving positive results. 8 The remainder of this paper is structured as follows. Section 2 provides background information regarding rural pension programs in China and the NRPS program. Section 3 summarizes the data. Section 4 presents our identification strategy. In Section 5, we provide a discussion of the results. Section 6 presents various robustness checks, and Section 7 concludes the paper.
China's New Rural Pension Scheme

Background
China introduced rural pension schemes in 1986, beginning with a pilot program for rural residents before expanding coverage further. The program financing relied on voluntary contributions from individuals that were matched by contributions from local governments. By the end of 1998, two-thirds of the rural counties were covered, amounting to 2123 counties in 31 provinces. However, a combination of poor governance, unsound local operations, and inflationary pressures brought about by the Asian financial crisis in 1997, halted the rural pension expansion. In 1999, the program was scaled down following concerns about its long-run sustainability in rural areas. Pension coverage fell from 80.25 million participants in 1998 to roughly 55 million among rural participants in 2007. 9 The New Rural Pension Scheme (NRPS) was launched in 2009. The program aimed to achieve full geographic coverage by 2020 Dorfman et al. 2013 ). The program offers a basic flat pension financed by the central government, individual contributions, and a minimum matching contribution from local governments. The program covered 23% of China's counties by the end of 2010 and over 60% of counties by early 2012. Figure  1 shows the expansion of the program's coverage over time. Total participation grew to 326 million from 2009 to the end of 2011 (Quan 2012) and over 50% of rural residents participated in the NRPS by the end of 2011. Three important factors likely account for this program expansion. First, China's dedication to rural pension reform and the country's high economic growth rate from 2009 to 2011 played a role. Second, the uneven geographic coverage generated demand for the basic monthly benefit in untargeted areas. Third, the rural pension expansion was a key element in the domestic political and policy discourse in 2012, and the political debate further intensified interest in the program.
NRPS Program Eligibility and Benefits
The NRPS is available to all of the rural residents over age 16 who are not enrolled in an urban pension program. The program was introduced in the rural administrative districts called Hukou. Program participation is voluntary, and those who contribute for at least 15 years are eligible to receive benefits at the age of 60. Rural residents who are over the age of 60 at the start of the program are eligible to receive the basic monthly benefit of 55 RMB if their children already contribute to the pension scheme. 10 Participants between the ages of 45-60 with less than 15 years of contributions are encouraged to increase monthly payments to cover the absence of contributions during their earlier working years.
Individual contributions are voluntary and range annually from 100 to 500 RMB (approximately 15-77 US dollars). Based on a 2009 survey, the mean participant contribution was 100 RMB ). The local governments are required to match 30 RMB annually per individual contribution. Participants between the ages of 45-60 with fewer than 15 years of contributions are encouraged to increase monthly payments to cover the lack of contributions during their work cycles. Rural residents who opt to participate in the program must register at their local village government office, the lowest level of the Chinese government hierarchy. Payments are made at that office in cash throughout the year. At the end of each monthly contribution period, each village government aggregates the payments received and transfers that money to the next level of government (a township), which then transfers the contributions to the next level (the administrative county). Although there has been some discussion that the funds should be managed at the province level, currently the rural pension funds generally are managed by the county-level government. In general, the contributions are deposited in banks, and administrative expenses are picked up by the local governments.
Data Description
Survey Data
China Health and Retirement Longitudinal Study
Our primary data source for this study was the China Health and Retirement Longitudinal Study (CHARLS) from which we drew data about retirement status, pension program access, health status, health care use, health behaviors, and socio-economic information for the individuals surveyed. CHARLS is a nationally representative survey that sampled individuals 45 years of age or older. The total sample comprised 17,708 individuals living in 10,287 households in 450 villages/urban communities in 150 counties/districts across 28 of China's 30 provinces, excluding Tibet. The 2011 baseline wave of data for CHARLS was gathered from interviews of 10,257 households with 18,245 respondents age 45 and over. 11 The 2013 CHARLS survey covered 10,979 households with 19,666 respondents. In the 2013 wave, the interviewers followed up with 88.6% of the original respondents and 89.6% of original households, 12 and added 2053 new households with 3507 individuals. Figure 2 shows the survey coverage map. CHARLS collected demographic information along with data regarding family structure, subjective and objective health status, health care use, pensions and retirement status, work, household wealth, income, and consumption. Basic information was collected for each individual, couple, and household regarding their gender, age, education, household size, and marital status. The survey response rate was over 80% (94% in rural areas and 69% in urban areas). 13 We use data from the CHARLS regarding individual NRPS participation, individual socio-economic characteristics, health outcomes, and other community-level data. Table 1 . presents summary statistics for several characteristics of the respondents. Among the sample of individuals eligible for NRPS participants, 70% were employed in 2011, while 69% of non-participants were employed that same year. About three-fourths of the total sample worked in agriculture: 72% of the participants and 73% of the non-participants. We use the geographic variables in the data to identify the rural subsample. Our rural sample reported low levels of educational attainment: only approximately 46-48% reported having completed at least a secondary level of education. In terms of self-reported health status, approximately one-fourth of both the participants and non-participants reported being in "at least good health." For health behaviors, we find that one-third of the participants and non-participants smoked cigarettes and drank alcohol at the time of the survey. In the baseline survey, both participants and non-participants reported sleeping an average of 6.4 hours daily. The means for the categories under health care utilization were also similar between the participants and non-participants in the base year. We see that 10% of participants and 9% of non-participants reported staying in the hospital overnight during the prior year. With respect to the incidence of disease states, hypertension was more prevalent than diabetes in our sample: 25% versus 5% of the sample among participants, respectively, and 22% versus 4% of the total sample (participants and non-participants alike), respectively. 
China Health and Nutrition Survey
Our secondary data source is the China Health and Nutrition Survey (CHNS) from which we draw data prior to 2009 regarding health status, health care use, health behaviors, and individual and county level socio-economic information. The CHNS survey enables us to examine data prior to the introduction of the NRPS. The CHNS is a longitudinal survey that covered about 19,000 individuals in 15 provinces spanning 216 primary sampling units (PSUs). 14 Figure 2 provides the coverage map for the CHNS survey. The first wave of the survey started in 1989 and aimed to provide data on how the economy and social factors impact individual health and nutritional status. The panel survey covered years 1989 The panel survey covered years , 1991 The panel survey covered years , 1993 The panel survey covered years , 1997 The panel survey covered years , 2000 The panel survey covered years , 2004 The panel survey covered years , 2006 The panel survey covered years , 2009 The panel survey covered years , and 2011 . The survey modules covered food choices, nutritional intake, health behaviors, physical activities, work activities, time usage, and nutritional status. The sample was selected using a multistage random selection process, which was similar across panel waves. First, counties were stratified by income level, followed by a weighting scheme that selected 4 counties from each province (CHNS Research Team 2010) .
The main component of the CHNS survey is the individual module. From the 2004 survey onwards, all of the questions relate to individual activities, lifestyle, health status, demographic status, body shape, mass media exposure, and other activities were part of the individual questionnaires. There are two parts of the individual questionnaire: one for adults aged 18 and older, and the second part for children under age 18. Children age 6 and above and all of the adults provided information about how they allocated their time between household and physical activities, and about their food and beverage consumption. For individuals 12 years and older and for all of the adults, additional questions covered smoking status, alcohol consumption, diet, and physical activity. Adolescents age 12 and older and women under age 52 with children age 6-18 in the household were asked additional questions related to mass-media exposure. Adults age 55 and older were asked to provide information about their daily living activities and were given a memory test.
Health Outcomes
For this paper, we follow the typology of health domains provided by Chatterji et al. (2002) and we employ both direct and indirect measures of health, supported by the data from CHARLS. For direct measures of health, we focus our attention on self-reported health, 15 mobility, affect, and vision. Each survey respondent was asked a series of questions about his/her functional limitations and health status. For mobility, a direct health measure that refers to an individual's difficulty with movement, the questions related to difficulty jogging for 1 km, walking for 100 m, and climbing a flight of stairs. The questions were coded dichotomously, where reporting some difficulty or an inability to complete the task was set to 1. The affect domain included questions about the respondent's reactions in situations that measured mood, outlook on life, and levels of distress, sadness, and anger. The CHARLS survey asked respondents 10 mental health questions pertaining to the week prior to the interview. We chose 3 main statements: "I felt everything I did was an effort," "I was happy," and "I felt lonely." The respondents were asked to select from four choices: "rarely (<1 day)," "some (1-2 days)," "occasionally (at least 3 days)," and "mostly (5-7 days)." Two questions were coded to 1 if "mostly" and 0 if "otherwise," whereas the happiness variable was equal to 1 if rarely happy. Vision was the last direct measure of health in our focus. Respondents were asked to rate their vision on a 5-point scale 16 based on their self-assessed ability to see short and long distances. The questions were coded dichotomously to equal 1 if the respondent rated his/her vision "at least good."
To be consistent with the WHO definition of health domains (Chatterji et al. 2002) , we also examine for program impacts on indirect measures of health. To measure health indirectly, we use data on self-care, usual activities, and social interactions. The self-care domain reflects the ability to take care of oneself daily. 17 We rely on questions about daily living, including difficulty getting dressed, taking a bath, and eating a meal (cutting up food), all of which are used for the self-care index. To measure the impact of retirement on the usual activities domain, we rely on a set of questions regarding daily activities. CHARLS asked respondents about difficulty preparing hot meals, shopping for groceries, and cleaning the house. These questions assessed a person's ability to perform routine tasks properly. If the respondent reported some difficulty or an inability to complete the task, these indicators were coded as 1. A final indirect health domain within our focus is social functioning.
Respondents were asked about their contact with parents, in-laws, and children. We use data for three questions regarding any weekly contact with parents or in-laws, any weekly contact with children by phone or email, and any weekly contact with children in person or by phone or email. These variables were set to 1 if there was contact in the past year at least once per week.
Since we have multiple outcomes for each health domain, we use principal component analysis to create a standardized aggregate index for each domain. 18, 19 The indices for mobility, affect, self-care, and usual activities were coded so that high values were associated with difficulties or negative feelings. 20 Low (or negative) values denoted less difficulty and better mood or emotions. Vision and social interaction indices were coded positively, and high values were associated with positive social interaction and better vision status.
In addition, we examine for mechanisms that might mediate impacts on various health domains by using survey data on disease states, health care utilization, and health behaviors. Examining changes in such mediating factors can enable better understanding of how these changes affect health status directly or indirectly. Various individual behaviors, such as smoking, alcohol consumption, BMI, and sleep duration, are inputs to the production function of health. Healthcare utilization (e.g. doctor visits) is one way to improve the state of health through direct treatment, and the lack of inpatient or outpatient treatment can have adverse effects on one's health. We also analyze morbidity changes by using the incidence of hypertension and diabetes. Although these measures do not capture the level of health, they are inputs to one's health status that subsequently can influence the measure of a particular health domain.
CHARLS collected detailed information on each participant's smoking, alcohol consumption, and sleep duration. We use an indicator of current smoking status and the self-reported number of cigarettes smoked daily. For alcohol consumption, we rely on three survey questions with corresponding indicators for consuming alcohol during the past year, consuming alcohol at least once a week in the past year, and the frequency of consumption in the past year. The frequency is coded by categories: (0) none or does not drink; (1) once a month; (2) 2-3 days a month; (3) once a week; (4) 2-3 days a week; (5) 4-6 days a week; (6) daily; (7) twice a day; (8) more than twice a day. We use data on each participant's weight and average daily number of hours of sleep per night over the past year. Using each respondent's height and weight, we calculate the respondent's BMI. We use the respondent's BMI to code an indicator equal to 1 if the reported BMI is less than 18.5. We also use data on health care utilization for hospital visits and outpatient doctor visits. 21 
Identification Strategy
Our basic empirical strategy is the DDD approach as we estimate the program's impact on various health domains by comparing changes in health outcomes for adults age 60 and above who live in treated areas to changes in health outcomes for adults age 60 and above who live in areas that were not offering the NRPS program during the study period. 22 Therefore, our identification strategy relies on the timing differences among communities for pension policy adoption based on Hansen (2007a Hansen ( , 2007b . By the end of 2010, 23% of all communities were covered and over 60% were covered by 2012 Dorfman et al. 2013) , as shown in Figure 1 . 23 We use this staggered implementation as a source of identifying variation to distinguish between the effects of pension participation on the health outcomes of individuals age 60 and above living in communities that started offering benefits between 2011 and 2013 and the health outcomes of adults age 60 and above living in areas that were not offering the pension program. We construct OfferNRPS ct for communities that offered the NRPS program in time t. Given data limitations, we construct OfferNRPS ct based on individual-level data. If no individuals indicate having NRPS at time t in community c, then OfferNRPS ct equals 0. If at least one person reports participating in the NRPS, then OfferNRPS ct is set to 1. 24 We interact OfferNRPS ct with a binary indicator for age 60 or over, following the empirical approach in Gruber (1994) , Katz (1996) , and Rossin (2011) .
We estimate:
where Y ict is the health outcome studied and Above60 ict is equal to 1 if the respondent is age 60 and over. β 1 in (1) is the coefficient that captures the estimate of the average effect of program availability on the average outcomes of eligible individuals age 60 and over who live in a treated community, regardless of whether they decided to participate in the program (i.e. the ITT effect). X ict , is a vector of individual-level controls, education, gender, age, age squared, household size, and marital status. ϕ c and μ t are community-level and time fixed effects, respectively. Community-level fixed effects allow us to control for time-invariant characteristics that affect the likelihood of program availability in the community. Year fixed effects control for characteristics common across time in communities. 25, 26 In addition, we use community-time fixed effects, ϕ c × μ t , to control for community differences during the implementation of the NRPS. The identification assumption is that treatment communities that provide program benefits would otherwise have changed in a manner similar, on average, to the control communities that did not provide program benefits. Even though the identification assumption cannot be tested directly, in practice, by controlling for district-by-year fixed effects, to some extent, we can examine whether the two groups (treated and non-treated) exhibit parallel trends in the outcomes prior to 2009 when the program was introduced. Since all of the survey data from CHARLS is post-NRPS program, we use data from the CHNS survey to compare pre-trends of study outcomes.
We conduct a formal test to examine the possibility of differential trajectories between treated and nontreated areas based on the work of Autor (2003) . 27 We use CHNS survey data prior to 2009 (when the NRPS program coverage began) for the various health domains and health behaviors from the survey 's 2000, 2004, and 2006 waves. Specifically, we estimate:
where Y ict is the health outcome studied, and ϕ c and μ t are community-level and time fixed effects, respectively. We include the interactions D ct of the time-period dummy variables and the treatment indicators for the first pre-treatment period and last pre-treatment period. 28 The results reported in Online Appendix Table  A .2 provide clear evidence that β −3 and β −1 are insignificant. Therefore, we cannot reject the hypothesis that trends in the outcomes between the treatment and control areas are the same. In other words, based on the data from the CHNS survey, we see no evidence of statistically significant differences between the two groups in the pre-treatment period.
In an extension to specification (1) above, we also examine the impact among individuals who actually participated in the program. We use OfferNRPS ct to instrument individual participation in the NRPS Program. OfferNRPS ct is set to 0 if no individuals participate in the NRPS, and it is set to 1 if the community has at least 1 participant. We estimate:
represents individual enrollment in NRPS, and we instrument it with OfferNRPS ct . X ict is a vector of individual-level controls, and ϕ c , μ t , and ϕ c × μ t are community-level, time, and community-time fixed effects, respectively.
Results
Pension Program Impacts
First, we present the intention-to-treat effects based on specification (1). Table 2 (Panels A and B) reports results for the direct measures of health: self-reported health, mobility, affect, and vision. Table 3 reports the results for the indirect measures of health: self-care, usual activities, and social interaction. Table 4 reports the results for the disease states. 
(12) The results provide striking evidence of the positive impact of the NRPS program on health domains involved in daily functioning. We detect strong positive effects on mobility (reported in Table 2 ) and on self-care and usual activities (reported in Table 3 ) among individuals living in NRPS program areas. For example, individuals living in treatment areas reported decreased difficulty jogging 1 km, walking 100 m, and climbing a flight of stairs, for an overall decline in difficulty on these three outcomes of 4-13%. The program also had a negative impact on the overall PCA-based mobility index of approximately 0.11 units (0.08 standard deviations). We find a positive program impact on self-reported health, although the effect was not statistically significant at the 0.10 level. The pattern of positive impacts persists for the indirect measures reported in Table  3 . In fact, the program had a greater impact on the indirect measures used as proxies for the self-care domain. Individuals living in treated areas exhibited a 27-69% decrease in difficulty with self-care measures (getting dressed, eating, and taking a bath). This improvement was reflected in the program's impact on the overall PCA-based self-care index, which also exhibited a sizable decline. The program improved self-care functioning by 0.15 units, or 0.10 standard deviations. We detect beneficial program impacts on affect and vision, where the program improved functioning in the vision domain by 0.09 (0.08 standard deviations). This result is consistent with the findings based on pension programs in high-income countries. For example, Johnston and Lee (2009), Eibich (2015) report beneficial impacts on indirect proxies of health that were statistically significant. Table 3 also reports the program's beneficial impact on the domain of usual activities. Individuals living in program areas experienced a 14-20% decrease in difficulty in the performance of the proxies for usual activities (preparing meals, grocery shopping, and cleaning house). We detect a statistically significant decrease in the overall PCA index of usual activities of 0.11 units (0.07 standard deviations). We detect a program impact, although not statistically significant, on the social interaction index, which captures contacts with parents and with children.
In Table 4 , we report the impact on the incidence of disease states and morbidity among participants. We examine disease states separately because health status outcomes must be understood separately from diagnoses. Disease states with the same diagnosis may be associated with very different levels of health in different individuals, or in the same individual at different points during the course of the disease. For example, a person with diabetes in the initial course of the illness may be fully functional with just some dietary restrictions and exercise prescribed. However, diabetes may progress to renal failure or retinopathy that severely limits the person's functioning. In other words, information beyond diagnosis is critical for understanding health at the individual level. In Table 4 , we do not detect a program impact on the incidence of recent diagnoses of diabetes or new diagnoses of hypertension. Table 2-Table 4 also present estimates for the difference-in-difference strategy combined with the instrumental variable approach based on (2). Table 2 , Panel B, displays the two-stage least squares results (LATE) on direct measures of health; Table 3 Panel B reports the results for the indirect measures of health; and Table  4 Panel B reports the instrumental variable results for program impacts on two disease states. For all of the outcomes, the tables report very high F-statistics (well above 10).
The local average treatment effect (LATE) results reported in Table 2 , Panel B, provide evidence consistent with strong positive program ITT impacts on the for functioning-related health domains. Program participation led to strong positive effects with regard to mobility, self-care, and usual activities (Table 3 Panel B) . 29 Program participants experienced a 9% decline in difficulty jogging 1 km, a 16% decline in difficulty walking 100 m, and a 29% decrease in difficult climbing a flight of stairs. The NPRS program also had a negative impact on the overall PCA-based index of 0.24 units, or 0.18 standard deviations. Among the participants who chose to participate in the program, we found a positive impact on self-reported health, although it is not statistically significant at the 0.10 level. We do not detect statistically significant effects on the affect domain. Only the effect on the overall index for the vision domain is marginally statistically significant at the 0.10 level. 30 In terms of indirect measures (reported in Table 3 Panel B) for the LATE results, we find that program participation leads to a 59-152% decline in difficulty with self-care measures (getting dressed, eating, and taking a bath). This improvement is reflected in the program's impact on the overall PCA-based self-care index, which also exhibited a very sizable decline of 0.32 units (0.22 standard deviations). Finally, the results in Table 4 Panel B reveal no impact among program participants on the incidence rates of diabetes and hypertension. It is likely that this finding is a byproduct of the short time window of the study, which may have prevented us from seeing results regarding these incidence rates. 
(6) (7) (8) 
(2)
(6) (7) (8) (9) (10) (11) (12) The previous analysis focuses on changes resulting from the offering of NRPS coverage and program participation because data on program benefits across different areas relies on administrative data. In contrast, the retirement variable indicating actual retirement relies on self-reported data, and the retirement status variable itself is sparsely distributed. Using data on self-reported retirement, we repeat the combined difference-indifference strategy with the instrumental variable method based on (2), although we examine for program impacts by comparing the retirement decision with the offer of participating in the NRPS program. Table 5 reports the results.
These findings corroborate the patterns of the main LATE results: pension program participation confers benefits in three important functioning domains: mobility, self-care, and usual activities (imprecisely estimated for the domain of usual activities). The results on the composite indices for all the self-care domains is significant at the 0.10 level.
Mechanisms
NRPS beneficiaries likely experienced a whole host of behavioral changes when they obtained access to the NRPS benefits, and that could account for the impact of the program on various health domains. To better understand the channels underlying the influence of the NRPS, we examine how program participation affected various health behaviors, time use, and health care utilization. If we observe no change in a measure that could play a mediating role on the health outcomes studied, then we would have a strong indication that the causal pathway does not operate via that mediating factor. In particular, two factors could change among program participants: time allocation and behavioral adjustments. Due to data limitations, we are unable to explore time use (exception for sleep duration), but we focus on several health outcomes, as reported in Table 4 .
We examine the program's impact on participants' reported incidence of alcohol use during the prior year, including regular drinking and the overall frequency of drinking. We detect a very large decline in alcohol consumption (statistically significant at the 0.01 level) among program beneficiaries. Program participants, on average, exhibited a 13% decrease in the reported frequency of alcohol consumption. In addition, we examine program effects on sleep patterns, and we detected a small but positive impact on hours slept. Although not quite significant (at the 10% level) for the overall sample, this finding is significant (at the 10% level) for the male sample and with a larger effect size. We see some evidence of a decrease in the reported prevalence of individuals being underweight, although it is not significant at the 10% level. We compare the pattern of these beneficial program impacts on health-related behaviors, and we note that the observed changes are similar to changes reported by retirement programs in high-income countries (Insler 2014; Eibich 2015) .
Next, we turn our attention to health care access and health care utilization among program beneficiaries. We detect no impact on the ITT estimates for inpatient or outpatient visits or out-of-pocket health expenditures. We also do not detect program impact on the outcomes for the two disease states for which we had data: incidence of diagnoses of diabetes or hypertension in the past year. In sum, Table 4 provides suggestive evidence that various mediating factors -including improved health behaviors, such as reduced smoking, reduced alcohol consumption, and improved sleep duration -played a positive role in influencing the health domains. We do not detect an impact on health care access, health care utilization, or specific disease states for which we had data.
Heterogeneous Treatment Effects
We also examine whether the impact of program participation differed by gender. To identify any differences of program benefits based on the gender of the participants, we repeat specifications (1) and (2) for the male and female samples separately. Table 6 reports the ITT and LATE results. 
(12) Table 6 provides evidence that the onset of program eligibility did confer different health benefits by gender. In terms of the direct measures of health, the overall pattern is consistent across genders, except that women also reported improvements in the affect domain, and these improvements were statistically significant at the 10% level. In terms of another direct measure of health, females reported much larger improvements in mobility than reported by men, as exhibited by the statistically significant effect for the female sample. Turning our attention to the indirect measures of health, we observe that although both males and females over 60 exhibited stark improvements in self-care and usual activities, the effect sizes were much larger for females than for males. The results on health behaviors, health care access, and health care utilization also reveal important gender differences. Male program beneficiaries reported decreased alcohol consumption and decreased drinking frequency. Females beneficiaries reported a large decrease in the incidence of current smoking.
Robustness Checks
Next, we present a number of consistency checks to investigate whether the magnitude of our estimates are within a reasonable range. We also provide additional robustness checks to address possible identification threats related to measurement issues or specification choices.
Falsification Tests
To test against potential spurious effects, we construct a falsification exercise based on specification (1). The NRPS program is available to individuals living in rural administrative districts so long as these individuals are not already enrolled in an urban pension scheme. In our main analysis, we use survey responses to remove urban pensioners who are not eligible for the NRPS program) but who happen to live in rural administrative districts (rural Hukous). However, for this falsification exercise, we reconstruct a sample that only includes these respondents in the falsification sample and we re-run specification (1) but only using urban pensioners. The goal of this exercise was to see whether there was a change in health outcomes between urban pensioners age 60 and above who live in NRPS-treated areas versus the health outcomes of urban pensioners ages 60 and above who live in non-treated areas. Since urban pensioners are not allowed to participate in the NRPS program and not directly affected by the NRPS program coverage, we should not see significant program impacts on the health outcomes for this group of individuals based on specification (1).
Online Appendix Table A.3 reports the results and provides evidence that β 3 is not significant for any of the outcomes. As predicted, we detect no evidence of program effects among the urban pensioners. 31 
Alternative Proxies of Health Status Outcomes
To further examine the robustness of our results, we use additional measures of health available from the CHARLS survey. The survey collected additional secondary proxies for the domains of self-care, usual activities, mobility, and affect, which are the main health domains for which we detected positive program impacts. We examine the program impact on these additional proxies to bolster the credibility of our main results. Specifically, we use survey questions about the respondent's capacity to get in and out of bed, use the toilet, manage money, take medications, kneel or stoop, and stand after sitting for a long time. 32 We also examine two variables that measure the affect domain: being bothered by little things and feeling depressed. 33 Online Appendix Table A.5 reports the ITT and LATE estimates using (1) and (2). As reported in Online Appendix Table A.5, the results confirm the pattern of beneficial program impacts on the domains of mobility, self-care, and usual activities.
Alternative Measures of NRPS Participation
Measurement error in self-reported information regarding NRPS program participation could bias our estimates. To bolster the credibility of our estimates, we address this potential concern with additional robustness checks based on alternative measurements of NRPS participation.
Propensity Score Definition
First, to deal with possible mismeasurement of NRPS participation based on the survey response, we reconstruct the individual participation status using a propensity score matching approach. Specifically, we predict NRPS participation for each wave of the CHARLS survey using a linear combination of the respondent's education, gender, parental education, and nationality (set to 1 if the respondent was of Han nationality) with information for each variable at baseline in the CHARLS survey. We use the predicted propensity of NRPS participation,̂, which is based on the propensity score matching method, to define a new variable, PrNRPS ic . Based on the propensity score, we construct a binary variable, defining PrNRPS ic = 1 ifî s greater than 1 standard deviation above the mean̂. We then proceed with the DDD analysis as in the main portion of our analysis, except that program participation in this analysis is based on the newly reconstructed variable (PrNRPS ic ) for NRPS participation status. This participation variable was based on the propensity score estimation rather than the self-reported variable from the CHARLS survey. The results, as reported in Online Appendix Tables B.1, B.2, and B.3, demonstrate that our findings are robust to this alternative definition of program participation.
Community NRPS Participation Definition
Next, we consider the possibility that there can be a measurement error resulting from noisy self-reported data for the NRPS program participation variable. The measurement error for the individual NRPS participation variable can creep into the variable that we use to capture the community-level NRPS participation. 34 Therefore, we check the robustness of our definition of OfferNRPS ct to correct for possible contamination of the treated group resulting from random noise in reporting at the individual level. To address this potential concern, we raise the threshold when OfferNRPS ct (the community participation variable) is set to 1. Instead of setting the threshold to at least 1 individual reporting NRPS participation to set OfferNRPS ct = 1, we use an alternative higher threshold of at least 4 (or at least 7 for an even higher threshold) participants in community c to set OfferNRPS ct = 1. We report the results from both additional analyses in Online Appendix Tables B.7, B.8, and B.9. The results show that our original estimates are robust to alternative definitions of the threshold defining OfferNRPS ct .
Using Online Administrative Data
Finally, we bolster the credibility of the direction of our estimated program impacts by performing a final robustness check. For this exercise, we use administrative data available online based on public announcements regarding which cities -and the list of communities within these cities -that definitively participated in the NRPS program in Heilongjiang Province. Specifically, based on online newspaper announcements, we were able to identify the timing of when specific cities (and communities within these cities) switched from being non-participants to being participants in the NRPS program. However, we faced a challenge because we could not map the actual communities (within cities) to the communities listed in the CHARLS survey, which we used in the main analysis, because the community definition in the CHARLS survey differs from the actual administrative community unit. Although we could not re-do the previous analysis (done at the community level ) and replace the CHARLS survey data we previously relied on with admin data for community level participation, we could re-run our previous specifications at the city level because: (1) we knew the number of known communities within each city that definitively participated in the NRPS program based on the online public announcements, and (2) we knew the total number of all of the communities within each city and that number is fixed. We re-defined our treatment variable from the binary one used in our main analyses (at the community level) to treatment intensity (at the city level) 35 and we performed this additional robustness check at the city level rather than at the community level. 36 For this additional robustness analysis, we use this treatment intensity definition for Heilongjiang Province based on the identification approach described in our main analysis. Online Appendix Tables B. 13-B.15 report the results at the city level. Although we rely on very few observations for this additional robustness analysis, it is evident that both the effect size and the direction of the program effects are consistent with our main estimates based on data from the CHARLS survey. This additional analysis underscores the credibility of the program impacts detected in our main analysis.
Conclusion
This paper provides early estimates of the impact of China's New Rural Pension Scheme (NRPS), first introduced in 2009, by examining the effects of access to pension benefits and retirement on various health domains. Previous studies that explored the effects of retirement on health (Charles 2004; Coe and Lindeboom 2008; Neuman 2008; Coe and Zamarro 2011; Latif 2013; Insler 2014; Blake and Garrouste 2017) found beneficial physical and mental health impacts, but all of these studies examined the relationships in the context of high-income countries. Our research advances the empirical literature regarding pension programs in developing countries by examining the effects of the NRPS on the health of seniors age 60 and over in rural China, where the economic dynamics resemble the economies of low-income countries.
Our results show that the NRPS had a large and significant short-term positive impact on functional health domains. First, there is striking evidence of the program's positive impact on direct measures of health, including mobility, vision, and self-reported health. Second, there is strong evidence of a beneficial impact on the indirect measures of health, including self-care and usual daily activities. Although there is some evidence of a positive impact on both mental health and social interaction, the effect size estimates for these two domains are imprecisely estimated.
Evidence of the benefits of pension programs that was obtained from developing countries is extremely limited. In China, the CHARLS and CHNS surveys provide a rich dataset that includes data on numerous proxies of health domains. Consequently, we are able to examine how participation in the NRPS retirement program affects numerous previously unexamined domains of health, including mobility, affect, self-care, vision, and social interaction, as well as two disease states. We are among the first studies to provide evidence of the benefits of pension programs in developing countries with respect to functional health domains. These findings support claims that such programs can somewhat reduce the morbidity burden during retirement years.
To gauge potential mechanisms that may drive our results, we also examine how program access influenced specific health behaviors and time use. Our study provides suggestive evidence for some important mechanisms through which access to a pension program likely improves health status. We find that females used the time gained from access to program benefits to engage in longer periods of sleep. In addition, they reduce their incidence of negative health behaviors, such as smoking. For the male sample, although we find a muted positive impact on sleep duration, we do find very large positive program effects in terms of decreased frequency of alcohol consumption. We do not detect any significant impact on access to health care or health care usage for the overall sample.
Our findings have some potentially important implications for the design of retirement policies worldwide. Longevity in developing countries is likely to increase even more in the years to come. Due to the accompanying demographic and socio-economic pressures, pension programs in developing countries are likely to become more prevalent. Our findings point to the potential benefits of introducing partial retirement programs. Our research provides evidence that such public policies can lead to desirable social spillover effects, and they may compress the morbidity burden among the retirement community.
